linoleic acid, respectively. In the case of methionine, as shown in Table 2 , only a small quantity of methionine was changed to methionine sulfoxide. However, in rats, methionine and methionine sulfoxide were reported to have similar nutritional effect (17) . The quantity of methionine sulfoxide measured by amino acid analyzer after reversing methionine sulfoxide to methionine by HCl hydrolysis showed that only a small quantity of methionine was decreased in casein under the condition of this study. The available lysine in browned casein measured by Carpenter's method, was much lower in comparison with the quantity of lysine measured by amino acid analyz er.
When protein was modified with carbohydrate by Maillard reaction, a part of lysine residues in the protein was changed to fructoselysines which were absorbed to the plasma but did not participate in protein biosynthesis and were finally excreted in urine (18) (19) (20) .
In vitro digestibility of casein modified by carbonyl compounds Digestibility of carbonyl-modified casein in vitro by pepsin-pancreatin system is shown in Fig. 1 . From this result, digestibility of casein modified by diacetyl or hexanal decreased about 20% and 40%, respectively, after 15 days of reaction, while in the case of glucose, the digestibility of glucose-modified casein slightly increased after 5 or 7 days of reaction. This result was in accordance with our previous report (11) concerning the digestibility of lysozyme modified by a dicarbonyls in aqueous system. It seemed that casein modified by glucose at preliminary stage was more readily digested by pepsin-pancreatin than the native casein. However, after 11 days of reaction, the digestibility of these modified caseins was gradually decreased, and after 15 days of reaction, the digestibility of all 3 kinds of modified caseins was decreased, among which, casein modified by hexanal showed much more resistance against protease than that by glucose or diacetyl. Kato et al. (21) reported the modification of lysine residues to alkyl substituted pyridinium rings on exposure to hexanal. In this study, a similar phenomenon was estimated to occur in the reaction of casein with hexanal; this might be one of the causes for the resistance of hexanal-modified casein against pepsin-pancreatin. gain of rats fed with CG-1 or CG-7 after 1 month of feeding. Consequently, when casein was modified at a small extent such as 1 day of reaction with glucose at 50°C, RH 75%, then, no significant decrease on weight gain of rats fed with this modified casein was observed after feeding for a short term such as 1 month. Rao et al. (1) (6) reported that no significant differences were observed on the growth after feeding rats with browned protein supplemented with amino acids for 2-4 weeks. In the experiment of feeding rats with browned egg albumin, Kimiagar et al. (7) also reported that no significant difference was found on weight gain after 1 month, but difference was clearly observed after 3, 6, and 12 months of feeding.
From the above experimental results, we supported the suggestion of Kimiagar et al. (7) that some inhibitory or antinutritional compounds might be formed during the course of the browning reaction, and the inhibition on the growth of rats appeared after at least 1 or 2 months of feeding and the rate of decrease of weight gain depended on the degree of modification of protein.
Moreover, diarrhea and alopecia were observed in rats fed with hexanal modified casein. This phenomenon was not observed for rats fed with glucose or diacetyl-modified casein. It is well known that products generated by lipid oxidation cause diarrhea and alopecia in rats. It was therefore inferred that the products generated by hexanal in the hexanal-casein reaction might be the cause for diarrhea and alopecia.
Effects of modified casein on internal organs such as liver, spleen, kidney, stomach, small intestine, cecum, and colon/rectum are shown in Table 4 . No significant difference was observed between the browned-casein-fed groups against the control group (except in the case of casein-hexanal, where the enlargement of stomach and cecum was observed). From this result, it could be said that for the caseins modified by glucose, diacetyl, or hexanal, after 2 months of feeding, most of the internal organs were unchanged. In the case of browned egg albumin, after 1 month of feeding, only cecum was reported to have significant difference against the control group; however, after 12 months of feeding, enlargement of liver, kidneys, testes, spleen, heart, lung, cecum, and stomach were observed (7). Besides, Mori and Nakatsuji (22) reported that when the glucose-modified 14C-casein was ingest ed, a higher radioactivity was found in the contents of the digestive tracts in the experimental group. This phenomenon might have some influence on the en largement of the digestive organs, especially when rats were fed for a long term.
Effects of modified casein on biochemical values of rats are shown in Table 5 . The biochemical values such as hematocrit, erythrocytes, cholesterol, triglyceride, GPT, and GOT were unchanged, but the quantity of leucocytes was increased by feeding rats with casein modified by glucose, diacetyl, or hexanal. Consequently, it could be estimated that there were some toxic components generated during the modification process of casein, and the toxic components were liberated after the digestion of these modified proteins. For this reason, the quantity of leucocytes increased. However, after feeding rats for 2 months with modified proteins at a level of 10% as described in this report, the weight of spleen, kidneys, and liver were unchanged, and the GOT and GPT of serum were also unchanged. There fore, it could be estimated that even if toxic components were generated, their toxicity was very weak. This result is of interest from the immunological point of view.
The serum glucose of rats fed with glucose or hexanal-modified casein decreased, and in rats fed with diacetyl-modified casein it tended to decrease. Since the digestibility of these modified proteins was very high, there was a possibility that some compounds generated after the digestion had effects on the enzymatic system concerning the absorption of glucose in the intestinal brush border.
Further experiments relating to this problem are necessary.
